The present study investigated the differential effects of analogy and explicit 2 instructions on early stage motor learning and movement in a modified high jump task. 3
cognitive demands (Masters, 1992 (Masters, , 2000 than performance underpinned by declarative 20
knowledge. 21
However, despite such favourable findings in the laboratory, several factors have 22 by learning explicitly, reporting high levels of rule-based knowledge, and exhibiting 2 disrupted performance under anxious or dual-task conditions (e.g., Liao & Masters, 2001 ; 3 Masters, 1992). All participants provided informed consent prior to commencing their 4 involvement in the research. Ethical approval for the study was granted by the University of 5
Edinburgh School of Education ethics committee 6
Apparatus and task 7
The setting for the study was a purpose-built sport science laboratory with rubber 8 flooring similar to a running track surface. As shown in Fig. 1 , a rectangular 'take-off' area 9 was clearly marked on the floor to limit the length of the run-up and to ensure that 10 participants approached the bar at an angle of 30° in line with recommended high jumping 11 technique (Morgan, 2002) . Following advised practice for novice jumpers, the approach run 12 was restricted to two steps, because it allows learners to develop a sense for the rhythm, was not expected that the use of either leg would affect learning or performance in the scissor 21 technique. Because it is most common for individuals to approach from the right side to use 22 their left foot in high jumping tasks (Peters, 1988) , however, the left side was chosen to limit 23 skill transfer from related tasks or activities. . To obtain the kinematic data, the positions of eighteen body 4 landmarks including joint centres and limb extremities were manually digitised, transformed 5 into three-dimensional coordinates using the direct linear transformation method (Abdel-Aziz 6 & Karara, 1971), and smoothed using the APAS three-dimensional motion analysis system 7 (Ariel Performance Analysis System; Ariel Dynamics, Inc.; San Diego, CA, USA). 8
Design 9
The experiment featured a mixed design comprising a two-day learning phase and a 10 single-day testing phase. Because high jump athletes do not make many full-effort jumps in a the design more representative of real-world practice and to limit the possibility of fatigue 15 impacting performance. During the learning phase, participants performed 2 identical blocks 16 of 10 jumps for each day of learning. The testing phase, in contrast, was divided into two 17 distinct parts: a retention test and task-relevant pressure test. During the retention test, which 18 was used to assess learning and provide a baseline for the testing phase, participants again 19 performed 10 jumps. For the task-relevant pressure test, however, participants continued 20 jumping until they recorded three successive failures in accordance with the competition 21 rules of the high jump. Between all days of the study, participants received 47 hours rest to 22 allow for sufficient recovery (i.e., they attended the lab at the same time every other day). cross on a 10-cm continuous scale, ranging from 0 (left end; not anxious at all) to 10 (right 10 end; extremely anxious). The physical distance in centimetres between the left edge of the 11 scale and participants' crosses was used as the measure of self-reported anxiety. 12
Self-reported mental effort was assessed using the Rating Scale for Mental Effort 13 (RSME; Zijlstra, 1993), which has been employed previously to measure effort in sport (e.g., Re-examining verbal instructions 13 competitive conditions, it was expected that the average heart rate readings would increase in 1 the task-relevant pressure test relative to all other sets. With this in mind, heart rate was 2 measured using Polar Electro Sports Testers (Polar Electro, Finland), in order to evaluate the 3 effectiveness of the task-relevant pressure manipulation and levels of physiological arousal 4 during the task (e.g., L. Hardy & Parfitt, 1991). Readings were collected in 5-s intervals using 5 heart rate transmitters and data receivers that were fitted to each participant's chest and wrist. relevant pressure test, participants were asked to reflect upon their performances and describe 9 in as much detail as possible 'any methods, rules, or techniques that they remembered using 10 while performing the high-jumping task during both the learning and test phases'. Two 11 independent raters examined all reports. Only statements referring directly to technical or 12 mechanical aspects of high-jumping technique were counted; any statements unrelated to task 13 performance were excluded from the tally. In this instance, the verbal protocol questionnaire 14 not only served as a measure of the accumulation of explicit knowledge, but also as a control 15 measure to ensure that participants were focused only on the instructions for their respective 16 conditions. In this regard, the verbal protocols helped to reveal that two of the participants 17 had intentionally disregarded the task instructions and relied upon knowledge relating to 18 other movement skills (e.g., basketball lay-ups), leading to their exclusion from the study. 19
Technical efficiency 20
Unlike a typical high jump competition, the highest successful clearance is not 21 necessarily meaningful in the present study due to the shortened approach run, which could 22 overemphasise physical differences between participants. For this reason, based on the 23 methods of Hay and Reid (1982) and Dapena (1992), a standardised measure of technical 24 efficiency was calculated to assess learning for each participant by dividing the clearance 25
Re-examining verbal instructions 14 height (i.e., height of the bar or elastic band) by the peak height of the centre of mass (COM; 1 see figure 1 for illustration). Higher ratings represent more efficient clearances, while lower 2 ratings indicate less efficient clearances in which technique inhibited maximisation of flight 3 height. Technical efficiency was calculated for all jumps of the learning phase and for the 4 highest clearance for each participant during the task-relevant pressure test. It was expected 5 that traditional explicit participants would demonstrate less technical efficiency than their 6 analogy and explicit light counterparts, because of the additional instructional load compared 7 to the other two groups. 8
Joint variability 9
To explore the effects of instructional type on joint variability, the standard deviations Vereijken et al., 1992), the standard deviation data in this instance were converted into 24 coefficients of variation (CV) prior to analysis to eliminate the mean differences between 25
Re-examining verbal instructions 15 individual participants (James, 2004; Lam et al., 2009b) . 1
Analyses 2
As shown in table 2, kinematic data were collected and analysed for the first, fourth, 3 20) . In order to cover the touchdown, takeoff, and flight phases of the jump, the starting and 9
ending points for the analysis were defined as seven frames (0.14 sec) before the moment of 10 touchdown and the precise moment that participants landed on the crash mats following the 11 jump, respectively (see figure 1 for illustration) . The mean duration for the kinematic 12 analyses across all trials was 0.79 sec (SD = 0.03). 13 ***** Table 2 
Testing phase. 18
A one-way ANOVA was used to evaluate technical efficiency for the highest clearance 19 of each participant during the task-relevant pressure test. Although the results approached 20 significance, the differences with respect to instructional type were non-significant overall, 21 .755, SD = .0377, SE = .014). The mean technical efficiency as a function of condition duringthe testing phase is shown in Fig. 3 . 1 ***** Figure 3 near here***** 2
Verbal rules 3
The accumulation of task-relevant explicit rules for each participant was assessed by 4 two independent raters and then averaged into a single score. Intra-class correlation 5 coefficients, which were used to evaluate inter-marker reliability, indicated significant 6 correlations between both markers (ICC = .91, p < .001). A one-way ANOVA of the data 7 revealed that the analogy condition (M = 5.71, SD = 3.68) reported fewer rules on average 8 than the explicit light (M = 6.29, SD = 1.87) and traditional explicit conditions (M = 7.86, SD 9 = 2.14), but the differences between the three conditions were not significant, F(2, 20) = 10 1.196, p = .325, ω = .17. There was, however, a statistically significant negative relationship 11 between the number of reported explicit rules and technical efficiency, r = -.53, p < .05. 
Effectiveness of Pressure Manipulation 5
To investigate the effectiveness of the pressure manipulation, a 3 × 2 (Group × Block) 6
MANOVA with repeated measures on the latter factors was performed on anxiety 7 thermometer, RSME, and average heart rate data for the last block of the learning phase and 8 the task-relevant pressure test during the test phase. Analysis did not reveal any between-9 subjects effects, F(6, 34) = 1.057, p = .407; however, there was a significant within-subjects 10 effect for block, F(3, 16) = 44.88, p < .001. Pairwise comparisons showed that anxiety 11 thermometer scores, RSME scores, and average heart rate all increased for the task-relevant 12 pressure test, suggesting that the pressure manipulation was successful. 13 ***** Table 3 near here***** 14
Discussion 15
In the current study, we sought to refine previous work in the area by matching the 16 volume of information distributed to both the analogy and explicit light conditions, while still 17 including a traditional explicit condition to facilitate comparison with earlier studies. With 18 the amount of instruction controlled, the primary aim of the study was to then explore the 19 effects of these differential instructional sets on movement learning and performance. 20
It has been thought that analogy learning promotes implicit skill acquisition that is more 21 robust to performance pressures and less demanding on attentional resources than explicitly 22 acquired skills. To investigate this, the current study measured the efficiency of technique 23 and the accumulation of verbal knowledge as a function of condition. With regard to 24 technical efficiency, the three conditions performed similarly throughout the learning phase, 25
Re-examining verbal instructions 21 exhibiting comparable levels of increasing efficiency (see figure 2) . During the task-relevant 1 pressure test, differences in technical efficiency between the conditions for highest clearance 2 became more pronounced, although these differences did not reach statistical significance 3 (see figure 3) . This non-significant finding corresponds with the results of Lam et al. (2009b) , 4 who did not find any significant differences in shooting performance between analogy and 5 explicit learners in a basketball-shooting task. It cannot be ruled out, however, that 6 differences between the conditions in this study might have been diminished due to 7 contextual guidance, as some of the instructions for the traditional explicit condition, for 8 instance, did not necessarily require explicit explanation because of the well-controlled 9 experimental set up. At the same time, it is also important to recognise that the differences 10 between the traditional explicit and analogy conditions would have been statistically 11 significant had this study followed the typical design of the preceding research and not 12 included the explicit light condition. 13
From an applied perspective, there is practical significance in the less efficient-and 14 more variable-technical performance of the traditional explicit condition compared to the 15 analogy and explicit light conditions with their lightened informational loads. For coaches 16 and practitioners in the field, it is also interesting to note that only one traditional explicit 17 participant managed a third-attempt clearance-three fewer than each of the other two 18 conditions-even though every participant would have had at least one opportunity to do so 19 (see table 4 ). In the context of high jump, every additional clearance is meaningful and the 20 practical value of pressure-laden third-attempt clearances is difficult to understate. The 21 similarity between the analogy and explicit light conditions in this regard has implications 22 regarding the impact of instructional volume on performance, although the analogy group 23 still performed better on average. In fact, in applied settings, the higher, more consistent, and 24 more efficient clearances of the analogy learners-compared to their explicitly instructed 25
Re-examining verbal instructions 22 counterparts-would be difficult for coaches to ignore. 1 ***** Table 4 near here***** 2 ***** Table 5 investigation, it is difficult to determine whether the accumulation of task-relevant 17 knowledge resulted from disparate properties of the instructions themselves or a discrepancy 18 in the number of rules within these instructions. At the very least, however, the results for 19 both technical efficiency and reported verbal rules demonstrate that more information is 20 neither necessary nor particularly helpful for learners. 21
A secondary aim of the study was to investigate differences in movement coordination 22 with respect to instructional type. Kinematically, it was hoped that the adoption of analysis 23 techniques inspired by research in dynamical systems theory would assist in identifying and 24 contextualising any unique biomechanical characteristics engendered by the experimental 25 Re-examining verbal instructions 23 conditions. Based on previous biomechanical analyses, the technical demands of the scissor 1 jump, and Bernstein's (1967) hypothesised motor control strategy of freezing and freeing 2 degrees of freedom, joint variability around the mean in the knees and hips was examined for 3 both phases of the study. Analysis revealed significant differences between conditions for 4 both the learning and testing phases with the analogy condition demonstrating the lowest 5 variability of the three experimental conditions in both segments. At first glance, this would 6 seem to correspond to and possibly explain the lower standard deviation in technical 7 efficiency for the analogy condition, but the explicit light condition exhibited the greatest 8 variability on average across all joints. Instead, the results suggest that the instructions 9 differentially constrained movement, because of subtle differences in the way that the 10 movement was described. For instance, the traditional explicit instructions indicated-11 through the use of the word straight-and the analogy instructions implied-through the 12 scissor analogy-that knee angles should approach 180° at some point during the jump, 13 whereas the explicit light condition never conveyed any specific information regarding the 14 angle or positioning of either knee. Without this information, participants in the explicit light 15 condition could engage in more exploratory behaviour, resulting in greater knee joint 16 variability (see figure 5) . 17
Across conditions, joint variability generally decreased over the course of the learning 18 phase, contrary to the predictions of dynamical systems theory. This could indicate a search 19 for a preferred movement pattern early on-characterised by greater variability-with a 20 gradual transition toward more stable coordination tendencies. This pattern did not hold for 21 the task-relevant pressure test, however, as there was a significant interaction between 22 condition, joint angle, and block for the testing phase. It could be that the high jump bar, 23 which was introduced during the task-relevant pressure test, constrained movement as its 24 height increased, no longer allowing the same freedom of movement afforded during the 25 Re-examining verbal instructions 24 previous blocks of the study. It is also possible that the nature of joint variability changes as 1 learning progresses. For instance, Hodges et al. (2005) found that range of motion in the hip 2 initially decreased for the first five practice sessions of a soccer chip shot task before 3 reversing direction, while the opposite pattern was revealed for the degree of linear coupling 4 between joints. Although the number of trials in this study were deliberately chosen to more 5 accurately represent applied settings and limit fatigue, additional trials might have offered 6 additional insight in this regard. 
